Use of traditional GC/MS analysis for diether and tetraether lipids found in archaea requires additional extraction and derivatization and in most cases provides just a presence/absence results. The same information was obtained using a MALDI-TOF analysis on total Lipid extract In the top series of spectra below is shown M. maripaludus (Mm) , a methanogen, compared to a phospholipid standard (19:0 PC) and two diether standards. The PC was used as an internal standard in the Mm so it is present in the sample. There are also matches for the diether matches as well as a 3 rd peak at 856, demonstrating Successful extraction of lipids from oil required modifications of the standard PLFA protocol. More than 2 ml of oil overwhelmed the Silicic acid for separation, resulting in oil carryover in the phospholipid extract which gave high background during analysis. To address this problem, silicic acid in the column was increased to 1 g from 0.5 g. Also, after the sample was placed on the silicic acid, the column was rinsed with CHCl3 until the eluting solvent ran clear to assure removal of the majority of the oil
In the lower plot, Luca sample B and C are compared with two diether lipid standards. Both show matches with the known standards indicating presence of archaeal lipids
Further development of the technique will include optimization of the MALDI matrix and/or a NIMS approach. In addition, more standards will be developed to focus on tetraether lipids which are in the range of 1000-1700 m/z
Conclusions
Results showed approximately 10^7 cells per ml in the samples. Since only 1-2 ml was used for each extraction, this resulted in a low lipid recovery and only major peaks were identified. Differences
First try: 1-5 ml oil samples were extracted. No attempt was made to remove oil layer -it was included in the total extract
Methylation and Analysis
Methylate phospholipids with KOH/Methanol mixture Extract resulting fatty acid methyl esters (FAME) with hexane Analysis by GC/FID or MALDI-TOF to assure removal of the majority of the oil.
Extraction of Crude Oil samples -method development

Conclusions
were seen between the samples. The CCA analysis differentiates samples. Sample C was more closely associated with sulfate reducers and gram positive bacteria while A and B were predominantly gram negative, although sulfate reducer biomarkers were found in all samples.
•Combining pure culture cell pellets with crude and model oil did Not lower recovery of phospholipids •It is critical that residual oil be removed in the silicic acid separation step to avoid high background when quantifying PLFA on the GC •PLFA recovered from Luca samples differentiate between wells and show a biomass in the oil of 10^7 to 10^ cells/ml •Archaeal lipids can be detected by MALDI-TOF. Further work is needed to develop standards and increase detection of low biomass samples.
Oil residue in sample results in high background made to remove oil layer it was included in the total extract (very messy) and resulting PLFA on GC was unusable due to high background 2 nd try: ~ 1 ml of oil sample was extracted. Oil layer was removed (by centrifugation and cooling) during primary extraction. Resultant extract results are shown in next few slides. Still fairly low levels of biomass in most samples, but peaks can be identified
If Luca C,D were assigned to have low degradation (1) and Luca B medium degradation (2) and Luca A high degradation. There is an increase in biomass with increase in degradation. This relationship and range of biomass recovery has been shown previously in oil samples (Hallman, 2008) 
